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SLEEP QUALITY AND RESILIENCE
A study on Swiss adolescents showed higher levels of sleep quality in those with greater mental toughness than those with weaker mental toughness [9] . High mental toughness is associated with better resilience and performance as well as sleep quality [10] . Also, Brand et al. [9] reported that subjects with greater mental toughness shows greater sleep efficiency, lesser awakening during sleep, shorter stage 1 sleep and longer slow wave sleep and rapid eye movement (REM) sleep. In the group with high mental toughness, subjective sleep quality as measured by the insomnia severity scale was also better, and the degree of daytime sleepiness as measured by the Epworth Sleepiness Scale was lower. Interestingly, there was no significant association between mental toughness and sleep latency nor sleep duration. The results of this study suggests that there is a bidirectional link between sleep and mental toughness. Until now, mechanism in such link has not been studied, however, the result of a large-scale prospective study that investigated the relation between insomnia symptoms and dysfunctional health behaviors partly support the bidirectional association between sleep and resilience [11] .
Another study on the association between sleep disturbances and resilience in children and adolescents reported that sleep problems predict resilience and that resilience is a significant mediator in the process of manifesting internalization and externalization behavioral symptoms from insufficient sleep [12] . In this study, sleep disturbances were measured by the Sleep Disturbance Scale for Children, which includes questions on the sleep initiation, sleep maintenance, sleep disordered breathing, arousals during sleep, nightmares and excessive sleepiness during daytime. Resilience was measured through a self-report questionnaire called Resiliency Scales for Children and Adolescents. The result of this study suggests that sleep may improve neuroplasticity and eventually promote. Consistent with this, it was proposed that sleep decreased synaptic strength to a energetically sustainable level to make efficient use of gray matter space [13] . To conclude, it is possible that sufficient sleep enables individual to be resilient to adversity through maintaining neuroplasticity.
SLEEP DURATION AND RESILIENCE
In addition to sleep quality, sleep duration may affects one's resilience. Soldiers who already had symptoms of insomnia prior to deployment had a significantly higher risk of PTSD, depression, and anxiety after deployment. Short sleep duration less than 6 hours were also associated with the risk of PTSD symptoms [14] . However, in the studies on the relationship between mental toughness and sleep, sleep duration and sleep efficiency were not significantly related to mental toughness [9] . Besides it was reported that healthy female adolescents at risk for major depressive disorder did not show objectively measured shorter sleep duration, but only poorer quality of sleep than those without a risk for major depression [15] . Serum epinephrine level was correlated with sleep efficiency and interval between arousal in slow wave sleep, not with duration of slow wave sleep in partial slow wave sleep deprived healthy adults [16] . However, Irwin et al. [17] experimentally woke up healthy adults during 3 AM to 6 AM and found that serum epinephrine level was lower in slow wave sleep than in other sleep stages or awake. Another study by Ekstedt et al. [18] , stressrelated physiological changes were related with sleep fragmentation rather than sleep duration or sleep efficiency. Hypothalamicpituitary-adrenal (HPA) axis is also responsible in the relation between resilience and sleep duration. Vgontzas et al. [19] , reported that sleep deprivation decreased cortisol secretion the next day, which is caused by the increase of slow wave sleep during the recovery night. Chronic sleep deprivation also affects individual's reaction to stress [20] . Consistent with this, serotonin-1A receptor was desensitized by sleep restriction [21] .
CHRONOTYPE AND RESILIENCE
The association between circadian preference and resilience has been reported in a recent study [22] . This study was conducted on 1922 students and workers in Spain, used the reduced Morningness-Eveningness Questionnaire and the 10-item Connor-Davidson resilience scale [22] . Subjects with morning-type showed the highest score on the resilience scale in the morning followed by neither-type and evening-type. the lowest in the middle and evening [22] . Veterans with PTSD reports more symptoms of PTSD, more sleep disturbances and worse nightmares [23] . In addition, the activity of the brainstem which generates REM sleep and arousal is increased during sleep in evening-type subjects.
Since eveningness is associated with poor sleep quality [11, 23, 24] , it is possible that the quality of sleep mediates the role chronotype in resilience. In addition, evening-type subjects are more likely to suffer from social jetlags that comes from desynchronization between biological clock and social clock [22, 25] and such jetlags may decreased individual's resilience. In a prospective study on college students in Hong Kong, evening-type students who live off campus showed lower quality of life than morning-type offcampus-living students [26] . Morning-type students who live on campus had lower quality of life than students who live off campus and were more likely to move to off-campus. It was suggested that either participation to night-life of campus or social withdrawal caused by not-participating to such activities may have decreased well-being of morning-type campus residents.
When experimental chronic jetlag was induced in female hamsters, asynchronous occurred between the internal clock and the time of the external environment, and the proliferation and neurogenesis of the hippocampus was suppressed [27] . However, the effect of jetlag on cell proliferation disappeared when adrenal grand was removed suggesting misalignment of time clocks is mediated by HPA axis. In terms of the cortisol level, experimentally induced jetlag affected as much as a significant stress did in the hamsters from same species [27, 28] . After 8 days from the jetlag started, cortisol level was lowered than that of hamsters on stress, however, it was still higher than cortisol level before the jetlag [27, 29] . These results are consistent with that female flight attendants who are exposed to frequent jetlag shows chronically increased level of cortisol and significantly lower volume of the right temporal lobe [30] . In this study, the degree of temporal lobe volume reduction and frequency of exposure to jetlag was associated with decrease in visuospatial cognitive function. The neurogenesis of these brain regions are known to have a role on affective regulation as well as cognitive function [31] , therefore, it is possible that these regions are significantly related with resilience.
CIRCADIAN MISALIGNMENT AND RESILIENCE
It was suggested that circadian misalignment may have an impact on structure and function of prefrontal cortex. Karatsoreos et al. [32] exposed mice 20-hour light dark cycle and compared them with controls that were exposed normal 24-hour light dark cycle. The artificially induced circadian disruption yield volume reduction prelimbic medical prefrontal cortex in affected mice. This reduction was associated with decrease in cognitive flexibility and more impulsive behavior [32, 33] which could be related to impairment of resilience. However, further studies are needed.
CONCLUSION
Sleep characteristics affecting resilience are modifiable through adjustment of external environment or education on sleep hygiene, therefore it is worthy to examine the relationship between resilience and sleep. Highly resilient individuals do not easily progress to PTSD or major depressive disorder because they have the ability to withstand and overcome life adversities and crises and to recover or even achieve growth [34] . As discussed above, sleep-related factors such as sleep quality, sleep time, and circadian rhythm were associated with resilience. Although the mechanisms underlying the relationship between sleep and resilience have not been elucidated, there is a possibility of promoting resilience by improving sleep. Further research will be needed to see how improving the quality of sleep, having a good night' s sleep, and maintaining a circadian rhythm on a personal schedule will have a positive impact on resilience.
